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[S57] ABSTRACTY

A process of converting steam to hydro-electric power
through a process of allowing steam to displace water from
a tank for operating a turbine or pelton wheel. The tank
includes a Iightweight float of a small enough size to prevent
the steam from mixing with the water below it, but to allow
water to pass around and beneath the float. Preferably, two
concrete, underground chambers are used to receive steam
which exert pressure to displace the water. The process

allows existing power plants to utilize excess steam to
generate additional power, and thus greatly increase the
overall efficiency of the plant.

17 Claims, 2-Drawing Sheets

—————————= | 10

14 40

AN NGNS ANGNY, lzw\

45
48 ||




Sheet 1 of 2

Oct. 31, 1995

U.S. Patent

5,461,858

l

Jl4




c 914

5,461,858

g

o

o |

D

3

& »

- 7G
g |

ﬂ.., v/ el

5 NI I OONIINI NI I NI NN N DS I IS

U.S. Patent
ol



5,461,858
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METHOD OF PRODUCING
HYDROELECTRIC POWER

TECHNICAL FIELD

The present invention relates to the production of hydro-
electric power. More particularly, the present invention
relates to the production of hydro-electric power through the
use of steam and water.

BACKGROUND OF THE INVENTION

In order to produce electricity on a commercial scale, it 1s
generally accepted that a rotating motor generator is neces-
sary to rotate magnets around coils of wire. A generator 1s
commonly rotated through impinging a gas such as steam
against a wheel. A steam generator of this conventional type
will only have an efficiency of 35 or perhaps 40 percent.
Thus the steam driven electric generators result in a sub-
stantial waste of fossil fuels. No system has been developed

to correct this enormous inefficiency and waste of fossil fuel
resources which, of course, can not be replaced.

Many patents have been directed to produce power from
steam or gas more efficiently, but all have lacked the
simplicity of both design and construction to be adapted for
safe use in modern power plants.

SUMMARY OF THE INVENTION

The present invention overcomes the problems in the

prior art through a unique process that allows the production
of hydro-electric power at greatly increased efficiency than
was previously possible.

The object of the present invention is to produce hydro-
electric power from the conversion of steam at high effi-
ciency, throngh a method that can be adapted for existing
power plants.

This object 1s achieved though a process of utilizing steam
to displace water, which 1s then utilized to generate power
through impingement of the water against a turbine wheel.
The efficiency of water impingement in the hydro-electric
generator of the present invention 1s on the order of 70 to 90
percent, as opposed to only 35 or 40 percent that is achieved
with utilizing steam impingement.

The process of the present invention utilizes steam gen-
erated by existing power plants to generate additional power
at a minimal cost and high efficiency. The process feeds
steam from the power plant to a chamber preferably located
under the ground. The chamber contains water, and has a
floating light weight plate that separates the water irom the
steam 1n the chamber. When the steam enters the chamber,
it places pressure on the plate, which forces the water out of
the chamber though a duct. The duct leads to a turbine
wheel, which the water impinges against, generating elec-
tricity. The water then returns to the chamber. A plurality of
chambers can be provided for increased efficiency.

In a preferred embodiment of the present invention, steam
is injected into a vertically mounted cylindrical tank of water
on which floats a lightweight insulated disc. To provide
strength for the tanks at low cost, they are preferably
manufactured of reinforced concrete and buried under the
ground. Most preferably, two tanks are used so that when the
water i1s forced out of one tank to drive the hydro-electric
generator, the other tank has been filled without pumping
water. The water 1s protected from contamination so that it
may be used as steam boiler feedwater of a power plant
producing steam, and water filters may be used. This
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embodiment prevents heat loss and converts steam into
hydro-electric power with a minimum of capital cost for
apparatus, since complex steam generators and reheaters are
avoided. In addition, the power of sunlight can also be used
to aid in the expansion of steam, or an alternative fluid,
utilizing the same process outlined above, with the chamber
located above ground to receive sunlight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of the preferred embodi-
ment of the present invention; and

FIG. 2 is a cross-sectional view of an alternative embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention specifically relates to a process for
converting steam to hydro-electric power by passing steam
into the top of a first vertical cylindrical tank which 1s full
of water; allowing the steam to displace the water and
release the water from the tank through an aperture located
near the base, which aperture has a relatively small area
compared to the horizontal cross-sectional area of the tank;
and directing the released water to operate a hydraulic
turbine to generate power. The area of the tank should be
between about 20 and 50 times the area of the aperture.

In this process, the tank includes a movable plate therein

and the water is displaced by introducing the steam to
displace the plate. Also, a second vertical cylindrical tank
may be utilized in the same manner as the first tank so that

one tank can be refilled with water while the other is
releasing water. Each tank preferably includes a movable
plate therein for displacing the water.

Advantageously, the hydraulic turbine is located at a
higher elevation than the tanks and the water which exits the
hydraulic turbine is directed back to one of the tanks while
the other 1s receiving steam and displacing the water therein.
Water released from the tanks can be directed to a reservoir
prior to being directed to the turbine.

Another aspect of the invention relates to a process for
generating hydro-electric power by producing steam in a
power plant; feeding the steam into a vertical cylindrical
tank of water which 1s provided with a light weight float;
introducing the steam in a quantity sufficient to increase the
pressure of the water and cause the water to exit the tank;
and directing the exiting water to a hydro-electric apparatus
for operation of same to generate power. The power pro-
ducing device preferably produces direct current for charg-
ing one or more batteries. Also, the efficiency of the power
plant can be increased by allowing the power plant to
produce low pressure steam for feeding the tank.

Yet another embodiment relates to a process for producing
hydro-electrnic power from vapor by providing water in an
enclosure; exposing the enclosure to sunlight to heat the
water and generate vapor; and removing the vapor from the
enclosure to drive a power producing device. It is useful to
add a vaporizable substance such as ethyl alcohol to the
water to increase the generation of the vapor.

In this process, the enclosure should be made of a
transparent material which allows entry of the sunlight.
Also, conduits made of a transparent material and exposed
to sunlight for additional heating of the vapor can be used to
direct the vapor from the enclosure to the power producing
device. The enclosure and the conduits may be corrugated
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on its outer surface to magnify the sunlight which passes
therethrough. Alternatively, the conduits may be rollbonded
sheets of metal having a serpentine path.

The practical value of this invention is that the apparatus
utilizing the heat now lost in condensation which are the
underground tanks and surface hydroelectric generator may
be installed without much interference with the steam plant
since pipe connections involve only low pressure steam.

When the high pressure steam turbo-electric generators are

worn out, this invention provides that only low pressure

10

steam be produced to operate the hydroelectric generators by

simply pumping a greater quantity of water through the
boiler tubes but still maintaining high temperature combus-
tion of fossil fuel. This results in higher rate of transfer from
hot gas to cooler tubes. It is known that about 95% of the
heat transfer in large combustion chambers is by radiation,
so that it 1s important to evaluate the radiative power of the
gas/fuel/flame media.

By use of this invention the production of electric power
may be tripled without increase in quantity of fuel con-
sumed. This has importance from standpoint of national
security. The cost of producing electric power needed for
subways and interurbans nation-wide is quickly reduced,
and small hydroelectric units operating from hot water made
feasible. Building roofs facing south can make water or
water-alcohol mixtures hot enough to operate the electric
generators of this invention. |

The fallacy has been the use of about 800 tons water per
ton of coal to condense low pressure steam, which steam this
invention utilizes.

The preferred embodiment is shown in FIG. 1, wherein
there 1s an existing steam power plant 10, with steam pipes
12, 14, leading away from the power plant 10. The pipes are
provided with valves 16, 18 at the entrance of the pipes 12,
14 to the cylindrical chambers 20, 22, which are enclosed by
reinforced concrete 24, 26. Light weight vermiculite con-
crete 1s advantageously used, as it retains little heat.

Inside the chambers 20, 22, there is water 28, and light-
weight floats 30, 32 preferably made of fiberglass. The floats
30, 32 keep the steam from blowing directly into the water
28 and wasting the pressure of the steam. As shown in FIG.
1, when float 30 is near the bottom of its stroke, float 32 will
be near the top of its stroke so that a high pressure stream of
water will flow through ducts 34, 36. Preferably a reinforced
high pressure water storage tank 37 is provided. From the
tank 37, the water flows through pipes 38, 40. The stream of
water will act upon a pelton wheel 42 or any acceptable
turbine. The pelton wheel 42 is preferably provided with a
rotor and buckets. The stream of water rotates electric
generators, and once spent flows down ducts 44, 46 back

into chambers 20, 22, through valves 47, 48.

It 1s also incorporated into this disclosure that the tanks
could be not cylindrical, but could be of square cross section,
but obviously cylindrical would be the most efficient.

In an alternative embodiment of the invention, as shown
in FIG. 2, another structure is provided for improving the
efficiency of existing steam power plants. FIG. 2 is a cross
section of the apparatus utilized in the process of the
invention. A reinforced concrete structure 50 is provided
under the earth surface, located near an existing power plant
S1. Subsurface construction allows mechanical reenforcing
of tamped earth around the pipes and heat savings since
earth, when kept dry is a good heat insulating material.
There 18 a cylindrical space 52 wherein steam is expanded to
pump water to the hydro-electric generator 54.

To build a reinforced concrete tank of, for example, 10
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feet in diameter that would withstand steam pressure of 5
psia would not have been possible until prestressed steel
wire embedding in the concrete was developed. Prestressing
compresses the concrete, which in effect increases the con-
crete tensile strength available to withstand pressure. It
effectively utilizes high-strength steel so that under a given
loading condition, less concrete and steel are required,
making it more economical than old conventional concrete
pipe. There are two circular plates 56, 58, which can be
ade of stainless steel, which retain a light weight heat

resistant concrete plate 60, which can be provided with
grooves that can be filled with heat resistant packing such as
Teflon or graphitized asbestos.

There 1s further provided a stainless steel shaft 66, to
which the plates 56, 58 are securely attached by welding or
the like. Large roller bearings 68, 70 are provided to support
the piston rod and assembly. Water 71 will be pumped with
a pressure equal to the face area of the piston divided by the
area of the shaft end area. Therefore, if the piston face is 100
feet*pi (3.14)=314 square feet, and the piston rod is 0.25
feet*pi (3.14) or 0.74 square feet, the ratio is about 400 to
1. In operation, steam exerting a pressure of 15 psia exerts
a pressure of the water of 6,000 psa, which would lift water
to a height of (6,000%14.7/32)=2,756 feet, suitable for a
hydro-electric plant that uses impulse wheels to obtain 85
percent efficiency. Stainless steel ducts 72, 74 are also

provided for the introduction of steam via the steam valves
76,78 alternately into first one side of the piston and then the
other. Ducts 80, 82 are also provided for draining hot water
of condensation to the boiler feed pumps of a steam power
plant.

By this simple means and relatively inexpensive appara-
tus compared to conventional steam turbines now used in
electric power plants it is made possible doubling the
capacity for producing electricity without an increase in the
amount of fossil fuel in the power plant.

The capital cost of the apparatus used is insignificant
compared to the cost of steam turbines. The existing walls of
high pressure steam tubing now in power plants will have
much greater capacity to recover heat when more water at
lower pressures 1s forced through the tubes.

" In a further modification of the present invention, the
heating power of sunlight is used to produce water vapor, or
vapor of an alternative liquid such as ethyl alcohol. The
vapor 1s then utilized as above to displace liquid that drives
a power producing device. Obviously, this embodiment
would be located above ground in a position to receive
sunlight. In order to maximize the amount of heat produced
by the sunlight, the enclosure that holds the liquid and vapor

- is preferably made of glass. The conduits that lead to and

from the enclosure are also preferably exposed to sunlight.
To maximize the heat received by the conduits, they are
preferably made of rolibonded sheets of metal having a
serpentine path.
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EXAMPLES

Example 1

Comparison of ideal and actual cycles for regenerative
feedwater heating.

TABLE 1
1bs/m*
absolute
Psia Ibs/hour ths/minute temp (°F.) (PSA)
510 75,876 1,265 458.7 510
148.6 46,862 781 369.5 486
34.8 29,525 492 275.0 34.8
5.5 31,483 525 177.6 5.47
1.0 378,312 6,305 79.1 1" He

(Data taken from Mark’s Standard Handbook for Mechanical Engineers,
Baumeister Avallone Baumeister Eighth Edition, McCGRAW-HILL. BOOK
COMPANY, 1951)

An examination of the above information shows that it is
not attractive to direct 510 psia 458.7° F. steam into an
apparatus to recover the energy in a hydraulic turbine rather
than an existing steam turbine because high temperature
places expansion and physical decomposition forces on the
packing glands of the pumps despite that teflon packing
glands can withstand 370° F.

The 148.6 psia 781 1bs/min 369.5° F. and 486 Psa steam
might be continuous fed into first one end and then the other

end of a reciprocating steam pump and would have a weight
of 1/0.130 or 7 cu ft/lb.

In this Example, the design of the invention would include
a reinforced concrete tube having a 20 ft inside diameter (10
it in radius) 1n which a steel pipe is placed. This pipe has an
outer diameter of 1 {t., a length of 85 ft, and is supported via
long roller bearings at each end. A piston is used which is
slightly less than 20 fi. diameter to provide room for piston
nng grooves and nylon or graphite packing.

In this assembly, the piston reciprocates horizontally back
and forth for a distance of 40 feet propelled by steam
entering the steel pipe at top of one end of the tube, and then
the other end. The steel pipe is supported outside of the ends
of tube by roller bearings. The steel pipe projects into extra
heavy, water-filled pipes at the ends. These pipes have check
valves to prevent water from reversing its flow at the ends
of the strokes.

The water 1s accumulated in a reservoir or tank under air
pressure from which water continuously flows into hydro-
electric generator with an efficiency of 80% to 90% com-
pared to less than 50% for steam power plants and much
lower capital and operating costs.

In this example, the 486 Psa steam exerts a pressure on
piston of 3.1416X5x5=78.54 sq. ins. X486 lbs/sq in.=38,170

over the stroke length of 10 ft. for a total force of 381,700
ft 1b. |

Example 2

Exausting steam from a steam fired power plant steam
with a pressure of 5.47 psia.

Even though 14.7 psia is air pressure at sea level, a
reinforced concrete cylinder made of light weight vermicu-
lite concrete retains little heat in its walls or the float on
water which drives the pelton wheel. The 5.47 psia pressure
1s multiplied by ratio between a 10 ft. diameter cylinder and
a 4 in. diameter jet driving the Pelton wheel is
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3.1416 x 25 x 144 in
3.1416 x 4 ins

or 5.47x900=4923 psia at a height above sea level of 32.4
ft/14.77 4923x32.4/14.7=4923x2.2=10,841 ft. elevation. Use

of an 8 inch diameter jet would reduce the elevation from
8%8/ax4—-14x10,841=2710 ft., a more common elevation for
hydro-electric power.

In the 60,000 KW plant (pg 9-57 of MARK’S 8th Ed.
HANDBOOQOK), 31,843 lbs steam are extracted per hour at
5.47 psia and 29,525 at 34.8 psia totaling 61,008 or about 12
as much as the 75,876+46,862=122.738. Where thermal
efficiency 1s 38%. Overall hydropower efficiency can be thus
increased to 80% or more. Applying the present invention to
this example by directing the Y5 to hydropower apparatus
with 2710 head shows 0.333x80%=26.6 compared to
0.666x38%= 25.4 in the steam plant. So just converting '3
of the low pressure steam to hydropower brings the plant to
52% efficiency instead of 38%, which would be logical until
high pressure turbo generators wear out at which time the
entire power plant may be converted to low pressure steam
by merely pumping more water through the boiler tubes to
make 99% volumetric efficiency in plunger pumps. Of
course, cooler boiler tubes result in better heat transfer by
radiation irom combustion gases.

I claim: |

1. A process for generating hydro-electric power which
COMpPIises:

producing steam in a power plant;

feeding the steam into a vertical cylindrical tank of water
which is provided with a light weight float upon the
watcr,

introducing the steam into the tank in a quantity sufficient
to exert pressure on the float and cause the water to exit

the tank; and

directing the exiting water to a hydro-electric apparatus

for operation of same to generate power.

2. The process of claim 1 which further comprises
increasing the efficiency of the power plant by allowing the
power plant to produce low pressure steam for feeding the
tank.

3. The process of claim 1 which further comprises utiliz-
ing a second vertical cylindrical tank in the same manner as
the first tank and operatively associated therewith so that one
tank can be filled with water while the other tank is releasing
water.

4. The process of claim 3 wherein the hydraulic turbine is
located at a higher elevation than the tanks and which further
comprises directing the water which exits the hydraulic
turbine back to one of the tanks while the other tank is
receiving steam and releasing water.

5. A process for converting steam to hydroelectric power
which comprises:

passing steam into the top of a first vertical cylindrical

tank which i1s full of water and which includes a
lightweight float upon the water, said float having a size

which 1s smaller than that of the tank so that water can
pass around and beneath the float;

allowing the steam to exert pressure on the float to
displace and release water through an aperture located
in the tank near the base, which aperture has a relatively

small area compared to the horizontal cross-sectional
area of the tank; and

directing the released water to operate a hydraulic turbine
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to generate power.

6. The process of claim 5 wherein the float comprises a
movable light-weight plate and which further comprises
displacing the water by introducing the steam to displace the
plate.

7. The process of claim 5 which further comprises utiliz-
ing a second vertical cylindrical tank in the same manner as
the first tank so that one tank can be refilied with water while
the other 1s releasing water.

8. The process of claim 7 wherein each tank includes a
movable light-weight plate float therein for displacing water.

9. The process of claim 7 wherein the hydraulic turbine is
located at a higher elevation than the tanks and which further
comprises directing the water which exits the hydraulic
turbine back to one of the tanks while the other tank is
recelving steam and releasing water.

10. The process of claim § which further comprises
selecting the area of the tank to be between 20 and 50 times
the area of the aperture.

11. A process for converting steam to hydroelectric power
which comprises:

passing steam into the top of a first vertical cylindrical
tank which 1s full of water;

allowing the steam to displace and release water from the
tank through an aperture located in the tank near the
base, which aperture has a relatively small area com-
pared to the horizontal cross-sectional area of the tank;

directing the released water to a reservoir; and

directing the water from the reservoir to operate a hydrau-
lic turbine to generate power.
12. A process for converting steam to hydroelectric power
which comprises:

passing steam into the top of a first vertical cylindrical
tank which contains water therein and which includes
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a light-weight float upon the water, said fioat having an
area which is smaller than that of the tank so that water
can pass around and beneath the float;

allowing the steam to exert pressure on the float to
displace and release water from the tank;

accumulating the released water in a reservoir; and

directing the water from the reservoir to a hydraulic

turbine to generate power.

13. The process of claim 12 wherein the hydraulic turbine
comprises a pelton wheel, and the water 1s released from the
tank through an aperture located near the base which aper-
ture has a relatively small area compared to that of the tank.

14. The process of claim 13 which further comprises
utilizing a second vertical cylindrical tank in the same
manner as the first tank and operatively associated therewith
so that one tank can be filied with water while the other tank
is releasing water into the reservoir.

15. The process of claim 14 wherein the hydraulic turbine
is located at a higher elevation than the tanks and which
further comprises directing the water which exits the
hydraulic turbine back to one of the tanks while the other
tank 1is receiving steam and releasing water.

16. The process of claim 12 which further comprises
utilizing a second vertical cylindrical tank in the same
manner as the first tank and operatively associated therewith
so that one tank can be filled with water while the other tank
is releasing water. .

17. The process of claim 16 wherein the hydraulic turbine
is located at a higher elevation than the tanks and which
further comprises directing the water which exits the
hydraulic turbine back to one of the tanks while the other
tank 1s receiving steam and releasing water.
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